Exploring quantum technology to precisely measure physical quantities is a meaningful task for practical scientific researches. Here, we propose a novel quantum sensing model based on dressed states driving (DSD) in stimulated Raman adiabatic passage. The model is universal for sensing different physical quantities, such as magnetic field, mass, rotation and etc. For different sensors, the used systems can range from macroscopic scale, e.g. optomechanical systems, to microscopic nanoscale, e.g. nitrogen-vacancy color centres in diamond. By investigating the dynamics of color detuning of DSD passage, the results show the sensitivity of sensors can be enhanced by tuning system with more adiabatic and accelerated processes in non-degenerate and degenerate color detuning regime, respectively. To show application examples, we apply our approach to build optomechanical mass sensor and solid spin magnetometer with practical parameters. arXiv:2003.06970v1 [quant-ph] 
I. INTRODUCTION
Quantum sensing [1] , which uses the quantum property of a quantum system to build the sensor of a physical quantity, is a widely studied branch of quantum information and technology. According to the difference of physical quantities, such as magnetic field, temperature and mass, the required performance candidate has different physical systems known as solid spins [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] , optomechanical systems [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] , optical microcavity [24] [25] [26] [27] [28] [29] [30] [31] and etc. With the advantages of large range scale and high sensitivity, quantum sensing plays significant role in practical scientific researches and many interesting schemes have been proposed in recent years. For example, coupled with magnetic field, the nitrogen-vacancy (NV) color centres in diamond has been made for nanoscale magnetometer [4] [5] [6] [7] [8] and spins sensor [9, 10] . Besides the solid spins, the sensors for detecting forces [32, 33] , acceleration [34, 35] and masses [36, 37] are proposed in optomechanical systems.
The perfect quantum operation is the goal pursued by quantum information tasks. For instance, quantum computing needs the fast quantum gate operations with high fidelity. To accurately control a quantum process, the adiabatic passage technique is proposed with good robustness [38] [39] [40] . The widely used techniques for twolevel and three-level system are called rapid adiabatic passage [38] and stimulated Raman adiabatic passage (STIRAP) [39] , respectively. However, the trade off between the robustness and speed limits the potential of adiabatic passage technique used for fast quantum operation. To solve the above problem, the shortcut to adiabaticity is developed [40] [41] [42] [43] [44] [45] [46] and applied successfully in * gllong@tsinghua.edu.cn experiment in different systems, including Bose-Einstein condensates in optical lattices [47] , cold atoms [48, 49] , trapped ions [50] and NV centers in diamond [51] [52] [53] . The direct way, so called transitionless driving [41, 42] , to realize the shortcut to adiabaticity is to suppress or cancel the undesired transition terms of Hamiltonian in adiabatic frame and this approach is generalized and improved for realizable in situation without constructing the forbidden transition in three-level system by using dressed states driving (DSD) [43, 52] .
In this paper, we propose an universal quantum sensing model based on DSD in stimulated Raman adiabatic passage. By investigating the detuning dynamic of threelevel system governed by DSD, we find that the population of target state has different properties of sensitivity in degenerate or non-degenerate color detuning area. As the evolution speed becomes faster, the slope of variation of the population becomes larger and smaller for degenerate or non-degenerate color detuning, respectively. According to this property, different kinds of quantum sensors can be built by constructing the relationship between detuning and corresponding physical quantities. We show the examples for realizing the improved sensitivity optomechanical mass sensor and solid spin magnetometer based on degenerate and non-degenerate color regime, respectively. This article is organized as follows: We first introduce our universal model for quantum sensing in threelevel system in Sec. II. In Sec. III, we calculate basic physics about the detuning dynamics of DSD passage. To show practical applications, we perform how to use our model to realized the mass sensor and magnetometer in Sec. IV A and Sec. IV B, respectively. A conclusion is given in Sec. V. Prepare a Λ/5 level system and physical quantity X Figure 1 . Flowchart for the quantum sensing in three level system. X is a unknown physical quantity to be measured.
II. UNIVERSAL MODEL FOR QUANTUM SENSING IN THREE-LEVEL SYSTEM
To realize quantum sensing for unknown physical quantity, labelled with X, the first task is to find a controllable quantum system which can couple with corresponding X well. For a given initial state, the evolution paths of the system are different with different values of X. The key point is one should theoretically give a relationship between observable quantity Y of the system and X, the form can be written as
To detect the magnitude of Y, one can infer the quantity X via the relationship Eq.(1). The sensitivity of sensor can be enhanced by improving the absolute value of differential coefficient ∂Y ∂X . Here we consider an universal three-level (mode) system and the detailed flowchart of our sensing proposal is given in Fig. 1 . The first step is to find a three-level (mode) system which can couple with X. Before evolution, the system should be prepared on its initial state |1 , e.g. the ground state of the system. This step is socalled initialization. If the operation is the first round, we apply two pulses designed under the zero physical quantity X. After a time τ , the system evolves to the final state and we measure the population of the separated level |3 . The pulses used here are calculated for perfect population transfer between states |1 and |3 . If the sensing has low resolution, the pulses should be calibrated to promise the sensor in high sensitivity domain. In this situation shown in Fig. 1 , the sensing process has the second round. 
III. COLOR DETUNING DYNAMICS OF DSD PASSAGE
We consider two different kinds of structure of generic three-level systems, i.e. Λ and V , shown in Fig. 2 . With driving pulses Ω 1 and Ω 2 , two type structures have the Hamiltonian in the rotating frame given by
For multimode bosonic system, the matrix
is defined as the annihilation (creation) operators for the corresponding i-th mode with the frequency ω i , respectively. In fermi system, the ω i is energy of i-th bare level. δ i is laser detuning with corresponding levels (modes). Ω i (t) is the effective coupling strength between the corresponding levels (modes) shown in Fig. 2 . When all the detuning are zero, i.e. δ i = 0, the system has the eigenvalues λ = 0, ±Ω 0 and the corresponding eigenstates (eigenmodes) are dark state (mode)
To construct an STIRAP, we choose the adiabatic pulses with 'Vitanov' envelope given by [54 ]
where τ is pulse duration. We assume that the initial state is prepared in level 1 and the target state is level 3. The population can be transferred successfully via STIRAP. To speed up the STIRAP, the DSD method modulates the pulse envelope with [43] 
,
where g x (t), g z (t) and µ are chosen with g x (t) =μ, g z (t) = 0, µ = − arctan(θ (t) Ω(t) ), respectively. As shown in Fig. 3 , the population of level 3 is changed with respect to the detuning δ 1 and δ 2 . From Fig. 3 (a) to (d), the pulse durations are chosen with τ = 1τ m , 2τ m , 5τ m and 10τ m , respectively. The τ m is the minimum pulse duration time and has the relationship τ m 1/2.63Ω 0 [43] . In degenerate color detuning area, i.e. δ 1 = δ 2 , the bright color area becomes larger, it means that the population becomes less sensitive to the detuning as the evolution time is longer. When the duration time is in its limitation, i.e. τ = 1.0τ m , the variation of population is limited in the smallest area. On the contrary, the bright color area which becomes smaller in II and IV area in the coordinate frame indicates that the variation of population with non-degenerate color detuning, i.e. δ 1 = −δ 2 , is more sensitive to the detuning, when the duration time becomes longer. To show the results clearly, we plot the population with respect to the detuning and duration time with degenerate and non-degenerate color detuning in Fig. 3 (e) and (g), respectively. Some curves with particular duration time are shown in Fig. 3 (f) and (h) for degenerate and non-degenerate color detuning, respectively. In Fig. 3 (f) , as the duration time becomes shorter, the slope of the curve becomes steeper and the curve of τ = 1.0τ m is the steepest one. However, in Fig. 3 (h) , the variation of population from 1 to 0 is faster in detuning scale as the duration time becomes longer. The results indicates that the accelerated passage enhances the sensitivity of population variation in degenerate color detuning regime, but for non-degenerate color regime, the sensitivity is enhanced by more adiabatic passage.
IV. APPLICATIONS FOR SENSING

A. Degenerate color optomechanical mass sensor
To build a mass sensor, we consider a multimode optomechanical model composed of two optical cavities and a mechanical membrane. The detailed setup is shown in Fig. 4(a) . By pumping two laser fields with frequency ω d1 and ω d2 , two optical cavities couple to middle mechanical oscillator simultaneously. The frequency of left, right cavity and mechanical oscillator are ω 1 , ω 2 and ω m , respectively. The black small dot in mechanical membrane is deposited mass with magnitude δm to be measured. After the standard linearization procedure, the Hamiltonian of this multimode interactions structure is given by [17] [18] [19] [21] [22] [23] 
where a i (a † i ) (i = 1, 2) and b (b † ) are the annihilation (creation) operators for the i-th cavity mode and the mechanical mode, respectively. Here, G i = G 0i √ n i are the pump laser detuning with cavity mode and the effective optomechanical coupling strength, respectively. G 0i and n i are the single-photon optomechanical coupling and the intra-cavity photon number produced by the driving field, respectively. When we consider the situation that all the cavities are driven with red detuning laser shown in Fig. 4 (b) , under the rotatingwave approximation, the Hamiltonian can be rewritten as
Here, the detuning is δ i = −∆ i − ω m . Calculating the Heisenberg equations of above Hamiltonian, the effective coefficient matrix is equivalent to the Eq. (2) by defining the vector operator with v op (t) = [a 1 (t), b(t), a 2 (t)] T . The coupling strength G i is chosen with the form in Eq.
(4) to realized the population transfer from cavity 1 to 2.
To realize the mass sensor, we first assume that the mechanical membrane is deposited a mass represented with a black dot shown in Fig. 4(a) . Therefore, the frequency of mechanical mode has a little drift and the resonance coupling is broken by inducing the two little detuning with degenerate color. This additional mass impacts the result of the population in cavity 2. The relationship between frequency shift δω m and the deposited mass δm is given by [37] δω m = Rδm.
The parameter R = ω m /2m is mass responsivity, where m is the mass of the mechanical resonator for supporting the deposition. By choosing the detuning with δ 1 = δ 2 = 0 without deposited mass, when we assume that the mechanical resonator is added with a deposited mass δm, the system evolves under the degenerate color detuning δ 1 = δ 2 = −Rδm. Therefore, the variation of population of cavity 2 infers the magnitude of δm. According to the Fig. 3 (e) and (f), one can choose the fastest evolution path, i.e. duration τ = 1.0τ m , to design the mass sensor with high sensitivity and consider the domain in the rectangle in Fig 4(c) . To show the practical example, the curve of sensing deposited mass of mechanical oscillator is performed in Fig 4(d) As a solid spin system, NV centres in diamond is a promising platform for designing magnetometer due to its good coupling between spin and external magnetic field. As shown in Fig. 5 , the NV centres have a rich level structure. In the environment with a weak static magnetic field along the NV principle axis, the Hamiltonian of electron-spin ground triplet is given by [2] 
where D = 2.87 GHz is zero-field splitting between spin triplet m s = 0 and m s = ±1. S z is three dimension electron-spin operator. γ e = 2.8025 MHz · Gauss −1 is the electronic gyromagnetic ratio. The first term describes the zero-field splitting and the second one is electronicspin Zeeman splitting term. The NV centres in diamond with the Hamiltonian as Eq. (8) has the level structure shown in the right rectangle of Fig. 5 (b) . The splitting of levels in m s = ±1 induced by magnetic field produces non-degenerate color detuning, as the detuning in Fig. 5 (b) has relationship with δ = −δ 1 = δ 2 = γ e B z . Therefore, by applying two microwave pulses in the nondegenerate color regime, the population of level 3 of NV centre infers the magnitude of the magnetic field via the electronic gyromagnetic ratio. To build the magnetometer, we design the driving pulses with the parameters τ = 10τ m . The interaction domain of detuning is chosen in the rectangle shown in Fig. 5 (c) . Therefore, if the magnetic field is so weak, the frequency of pulse should be calibrated in effective detuning domain, i.e. in the dashed rectangle in Fig. 5 (c) , before formal measurement, as shown in the first round of flowchart Fig. 1 . When the parameters are given with Ω 0 ∼ 1.0 MHz, the sensing curve of magnetic field is shown in Fig. 5 (d) . The scale of the magnetometer is about 10 −2 Gauss. 
V. CONCLUSION
To conclude, we use the three-level (mode) system to design an universal quantum sensing model by using DSD. Driving with different pulses, three-level system has two different interaction regime, i.e. degenerate and non-degenerate color detuning. In degenerate color detuning, the variation of population in target state is more sensitive to the detuning value as the process is accelerated. On the contrary in non-degenerate color detuning, the process is more adiabatic, the sensitivity of population of target state is higher. Those properties indicate the system can be used to design different kinds of quantum sensors with higher sensitivity by chosen with different interaction regime. To show the examples of practical sensor, we perform how to apply our model for building degenerate color mass sensor and non-degenerate color magnetometer.
